This report deals with the influence of cortisone, prednisolone, prednisone and 9 a-fluorocortisol acetate on the serum antiti-yptic activity of normal, spleneotoinized, adi'enalectomized and adrenaleetomized-splenectomized rats. Elevation of serum antitryptic activity was most consistent with 9a-fluorocortisol acetate administration. Prednisolone and prednisone proved less effective while cortisone-induced changes were of small magnitude.
T HE view has been expressed that there exists, within the circulating blood, an intimate physiologic relationship between the fibrin formation and dissolution (fibrinolytic) mechanisms and the integrity of the vascular wall. 1 ' 2 Any shift in the equilibrium between the processes of fibrin formation and of fibrin dissolution may lead to pathologic changes. Previous work-'' 4 has presented evidence that the pituitary-adrenal cortex axis exerts a controlling influence on the fibriuolytic (plasmin-antiplasmin) system which seems to play an important role in the pathogenic mechanism of hemorrhage and thrombosis. Clinical investigations 5 have shown the value of adrenotropic hormone or cortisone administration in the alleviation of bleeding tendencies in thrombocytopenia purpura and similar conditions. The beneficial effect of these hormones in such clinical conditions has been associated with their ability to increase the antiproteolytic (autiplasinin) activity of the blood. 1 The availability of corticosteroidlike compounds, more potent than cortisone, prompted a study of the influence of several of these steroids on the antitryptic activity of blood. The compounds were tested in normal (sham-operated), splenectomized, adrenalectomized and adrenalectomized-splenectomized rats. Received for publication January 2, 1958. normal (sham-operated) and splenectomized ani-maLs were maintained on Purina laboratory chow and tap water ad libitum and the adrenalectomized animals on Purina chow and 0.9 per cent sodium chloride ad libitum. All injections were given intramuscularly. Controls received either no injections or a volume of 0.9 per cent saline equal to that used in the steroid injections. Sham operation, spleneetomy and adrenalectomy were performed under ether anesthesia. Administration of the steroids was started 3 weeks after the operation.
Suspensions of the following steroids were made up by trituration and subsequent shaking with 0.9 per cent saline to a concentration of 500 /xg./m\.; cortisone, 0 prednisolone (^-cortisol),? prednisone (^'-cortisone) T and 9a-fluorocortisol acetate.t The iinimals were given intramuscular injections of 1 fxg. steroid/Gm. of body weight at 24 hour intervals in the thigh muscles of either the left or right hind leg. Blood samples of 2.0 ml. were taken by heart puncture 6, 72 hours, and 10 days after the initial injection. Those animals assayed at the 6 hour period were injected at 0 hour; those examined at 72 hours were Injected at 0, 24 and 48 hours while in the l-ecovery study, the animals were injected at 0, 24 and 48 hours and kept 7 days before assay. The blood samples were allowed to clot at room temperature, centrifuged within 1 to 3 hours and the sera kept frozen until tested. Five or more animals were used in each experimental group.
Assay of Antitryptic Activity.' An appropriate amount (29 /xg./ml.) of crystalline salt-free trypsint dissolved in 1 ml. of 0.0025 X hydrochloric acid was pipetted into each of two glass-stoppered test tubes. One milliliter of serum, di-*Kindly supplied by ilerck and Co., Rahway, N. J. tTliese steroids were kindly supplied by the Scher-iiiK Corporation, Bloomfield, N. J.
tObtained from Worthington Bioehemical Sales Company, Freehold, X. J.
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Circulation Rcttarch. Volum.4 VI, May ltSB luted 1:40 with 0.9 per cent saline, was added to each of the two tubes which were incubated for Yi hour at 25 C. Following this incubation, 2 ml. of a 1 per cent casein solution in Rennet-Cohn buffer* prewanned to 35 C. were added, the solution mixed well, and both tubes placed in a constant temperature bath at 35 C. A control was prepared by the addition of 5 ml. of 5 per cent trichloroaeetic acid to the enzyme solution prior to the addition of serum sample and casein. At the conclusion of the 30 min. digestion time, 5 ml. of 5 per cent trichloroaeetic acid were added to the incubated samples. Following this addition the tubes were allowed to stand at 25 C. for ] to 2 hours and then filtered through Sckleioher and Schuell no. 589 filter paper. The degree of proteolysis was determined by measuring the ultraviolet absorption of the trichloroacetic acid nitrate at 2S0 /t. relative to the zero time blank using the Beckman DU spectrophotometer. The inhibitory power of serum was determined at a dilution of 1:40 which was found optimal in the range in which significant increases or decreases of the antitryptic activity could be determined. Antiproteolytic units refer to antiproteolytic activity of the experimental serum samples in terms of a "standard normal serum preparation" to which an arbitrary value of 100 antitryptic units/ml, was assigned. The standard normal .serum preparations represent aliquots of a largo sample of pooled normal rat serum stored at ~20 C. All assays were performed in duplicate.
RESULTS
The influence of the different corticosteroids on the blood antitryptic activity of various experimental animals is illustrated in figures 1 and 2, each bar graph representing the average result of 5 or more auimals. The baseline value was obtained by combining and averaging the values of the .saline-injected and iininjected controls. This appeared justified since no difference in antitryptic activity was observed between the groups. The baseline value represents an average of about 30 auimals. It was found that the antitryptic level returned to normal upon discontinuing the steroid administration (10 day experiments). There appears to be no significant difference in the antitryptic activity of blood •Rennet-Colin buffer of pH 7.4: 15.4 Gin. of monosodium phosphate, 9.0 Gni. of sodium chloride, and 6.3 Gm. of potUMiuiii hydroxide were dissolved iu 1 L. of distilled water. If necessary, the pH was adjusted to 7.4 with 1 X sodium hydroxide. between splenectomized, sham-operated and uuinjected control animals. The antitryptic blood values of the adreualectomized and adrenalectomized-splenectomized groups were substantially lower, with adreualectomy alone giving the lowest values. In the analysis of the effect of the steroids on the antitrj'ptic blood titer, each of the experimental groups will be considered separately.
Sham-Operated Animals. As can be seen from figures 1 and 2, there was an indication (6' hours) of a rise in antiproteorytie activity upon cortisone administration; however, normal values were obtained at 72 horn's. Prednisolone administration did not produce any significant change after 6 or 72 horn's while prednisone and 9a-fluorocortisol acetate treated rats showed some antiproteolytic increases at 6 hours which became more pronounced at 72 hours. These data are in agreement with the finding that prednisone and 9a-fluorocortisol acetate administration to normal rats promotes an elevation in antiproteolytic blood activity at the 72 hour period.* Splenectomized Animals. All steroid compounds with the exception of preduisolone caused decreases in the antiproteolytic level at the 6 hour period. At the 72 hour period the depressant effect of cortisone was maintained, while that of prednisone and 9afluorocortisol acetate was no longer apparent.
Adrenalectomizcd Rats. No significant effect of cortisone was noted at the 6 or 72 hour period. The other three steroid compounds caused a slight rise at 6 hours and a substantial elevation of the antiproteolytic titer at 72 hours with prednisolone and 9a-fluorocortisol acetate eliciting the greatest responses.
Adrenalectomized-Splenectomized Rats. At the 6 hour period all steroid compounds appeared to show relatively little effect, but at 72 hours increases in the antitryptic activity were observed after prednisolone and 9afluorocortisol acetate administration.
The most pronounced responses were found in those animals receiving 9a-fluorocortisol acetate. 
II
Fio. 2. Alterations in antitryptic activity 72 hours after steroid administration. Calculated P-value as compared with the base level: Sham-operated group, 9 a-fluorocortisol acetate, p < 0.05; splenectomized group, cortisone, p < 0.01; adrenalectomized group, prednisolone, prednisone and 9 a-fluorocortisol acetate, p < 0.01; adrenalectomized-splenectomized group, prednisolone and 9 a-fluorocortisol acetate, p < 0.01. When no values are given, the response was not considered to be significant.
Determinations of specific gravity and protein concentration of the sera assayed indicated that the variatioiis in the antitryptic titers, produced by prednisone, prednisolone and 9a-fluorocortisal acetate, were actual changes and not a reflection of hemoconcentration or dilution. Some indication of hernodilution was obtained with initial cortisone administration, and the antiproteolytic activ-ity computed on the basis of specific activity, i.e., activity per gram of serum protein, would then be somewhat higher. This might indicate that cortisone does not have as substantial an antiproteolytic lowering effect as indicated, but that part of this response is the result of hemodilution.*
DISCUSSION
Whether the determination of trypsin inhibition, as reported, may also serve as an index of plasmin inhibition can not be definitely answered presently, but this appears probable on the basis of the findings by Sale, Priest and Jensen 0 that the antiproteolytic activity of bovine blood against trypsin and human plasmin seems to be due to a single inhibitory factor.
The observation that adrenalectomy is associated with a lowering in the blood antitryptic level (figs. 1 and 2) is in agreement with earlier findings of a reduction in the blood antiplasmin activity of rats after removal of the adrenal glands. 4 The apparent higher antitryptic blood titer of the adrenalectomized-splenectomized rats compared with the adrenalectomized animals (figs. 1 and 2) is in conformity with the observation of Moll 7 that serum antitrypsin values showed a definite elevation following removal of the spleen from monkeys. Ungar 8 ' 8 has postulated that the spleen elaborates two antagonistically acting factors: splenin A which on administration will produce an increase in blood antifibrinolytic activity, while splenin B will cause a decrease. Elevation of antitryptic activity after the removal of the spleen may, therefore, be the result of the cessation of splenin B release from the organ. Increased capillary fragility associated with plasma fibrinolytic activity has been observed in cases of splenomegaly. 5 ' ° Removal of the spleen resulted iu disappearance of the abnormal vascular fragility. Increased elaboration of splenin B from the spleen may perhaps be the factor responsible for the hemor-* Since the determinations of specific gravity and of protein concentration of the various sera did not show significant differences, data on these experiments are not presented. CORTICOSTEROIDS AND AXTITRYPTIC ACTIVITY 317 rhagie conditions in certain cases of hypersplenism.
In an}-evaluation of the influence of corticosteroids on serum antitryptic activity, cognizance must be taken that the effect is relative to the dosage and specific activity of the steroid injected. No attempt was made to evaluate the potency of the corticosteroids on a molecular weight basis. As can be seen in figures 1 and 2, prednisolone and prednisone, in contrast to the effect in intact or shamoperated animals, had either a depressant effect or none in the splenectomized rats. These findings are in agreement with earlier observations 3 -4 of an increased antifibrinolytic blood activity after the administration of adrenocorticotropin to intact rats or guinea pigs, while no alteration in the blood antiplasmin level was observed in splenectomized animals. On the other hand, Moll 7 reported that administration of cortisone to splenectomized monkeys was associated with a prompt rise in the trypsin inhibitor power of the serum. The present studies show that administration of the various corticosteroids to adrenalectomized-splenectomized rats produced definite elevations in antitryptic activity ( fig. 1 and 2) . The exact role of the spleen in the control of the fibrinolytic mechanism in blood still remains to be elucidated.
In general, it appears from the results illustrated in figures 1 and 2 that elevation of the serum antitryptic titer after administration of 9a-fluoroeortisol acetate is the most consistent within all experimental groups. Prednisone administration promoted slight increases in the sham-operated and adrenalectomized groups while prednisolone was primarily effective in the adrenalectomized and adrenalectomized-splenectomized groups. Cortisone-induced changes were never large and initially appeared to depress antiproteolytic activity with the exception of the sham-operated group. In this connection one may mention that Kramar and his associates 10 found that the corticosteroids used in the present investigation produced a more pronounced increase in capillary resistance (as measured by a negative pressure method) than cortisone. This might indicate a relationship between the antifibrinolytic (antiplasmin) titer in blood and capillary resistance. Singer and Borman 11 reported that introduction of a fluorine atom at the 9a-position enhances antiinflamatory activity of cortieosteroids. Ungar 12 has attempted to relate the adrenal cortical hormones and the fibrinolytic system to inflammation.
The alleviation of the bleeding tendencies of vascular pseudohemophilia and anaphylactoid purpura, observed by Stefanini and Martino 13 on oral administration of prednisolone, may have been due to the ability of this steroid to elevate the antiproteolytic (antifibrinolytic) activity of the blood. The present finding that the most consistent and pronounced elevation of the serum antitryptic activity was obtained with 9«-fluorocortisol acetate might make this steroid especially useful in the management of certain clinical bleeding manifestations.
SUMMABY
The influence of cortisone, prednisolone, prednisone and 9a-fluoroeortisol acetate on serum antitryptic activity was studied in normal (sham-operated), splenectomized, adrenalectomized and adrenalectomized-splenectomized rats. Elevation of serum antitryptic titer with administration of 9a-fluorocortisol acetate was the most consistent within all experi mental groups. Prednisone administration produced slight but definite increases in the adrenalectomized and sham-operated groups while prednisolone was primarily effective in the adrenalectomized and adreualectomizedsplenectomized groups.
Cortisone-induced changes were never large and initially appeared to depress antitryptic activity with the exception of the sham-operated group. The possible significance of the findings has been discussed.
SUMMARIO IN INTERLINGUA
Le influentia de cortisona, prednisolona, prednisona, e 9a-fluorocortisol-aeetato super le activitate antitryptic esseva studiate in normal (pseudo-operate), splenectomisate, ad-renalectomisate, e adrenalo-splenectomisate rattos. Elevation del titro antitryptic del sero con le administration de 9a-fluorocortisolacetato esseva le plus uniforme in omne le gruppos experimental. Le administration de prednisona produceva leve sed definite augmentos in le adrenalectomisate e psuedo-operate gruppos, durante que prednisolona esseva pi-imarimente efficace in le adrenalectomisate e adrenalo-splnectomisate gruppos. Le alterationes inducite per cortisona esseva nunquam grande, e initialmente iste droga pareva deprimer le activitate antitryptic, excepte in le psudo-operate gruppo. L signification possibile de iste eonstatationes es discutite.
